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1
PLANAR SERPENTINE SLOT ANTENNA

This Patent Application 1s based on a Provisional Patent
Application, filed Dec. 6, 1999, Serial No. 60/168,775,
entitled “PLANAR SERPENTINE SLOT ANTENNA”, by

the same Inventors.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

This 1nvention relates to planar surface antennas having,
two segments, each comprising two conducting etched pat-
terns on respective insulating substrates. A single antenna 1s
used to form an omni-directional antenna and two 1ntercon-
nected antenna elements are used to form a directional
antenna.

(2) Description of the Related Art

U.S. Pat. No. 5,714,961 to Kot et al. describes a direc-
tional planar antenna having a number of coaxial ring-slot
radiating elements.

U.S. Pat. No. 4,559,539 to Markowitz et al. describes a
spiral antenna deformed to receive another antenna.

U.S. Pat. No. 5,363,114 to Shoemaker describes planar
serpentine antennas.

U.S. Pat. No. 4,509,209 to Itoh et al. describes an inte-

orated planar antenna-mixer device for microwave recep-
fion. A diode quad 1s connected to the antenna.

U.S. Pat. No. 5,124,714 to Harada describes a planar
antenna for automobiles.

U.S. Pat. No. 4,410,891 to Schaubert et al. describes a
polarized micro-strip antenna. The polarization can be
changed from wvertical linear to horizontal linear, left
circular, right circular or and desired elliptical sense.

U.S. Pat. No. 5,371,507 to Kuroda et al. describes a planar
antenna comprising a ground conductor, a dielectric layer
laminated on the ground conductor, and a radiation element
laminated on the dielectric layer.

U.S. Pat. No. 4,987,421 to Sunahara et al. describes a
micro-strip antenna having an annular radiation conductor
with a central opening.

U.S. Pat. No. 4,038,662 to Turner describes a broadband
antenna 1n the form of a multiple element interlaced dipole
array mounted on a thin elongated strip of dielectric mate-
rial.

U.S. Pat. No. 5,649,350 to Lampe et al. describes a
method of mass producing printed circuit antennas.

U.S. Pat. No. 4,987,424 to Tamura et al. describes an
antenna apparatus having flexible antennas made of conduc-
five material on a flexible insulating sheet.

SUMMARY OF THE INVENTION

Antennas, including directional and omni-directional pla-
nar antennas, are useful in any number of applications
including communications and navigation. This mvention
describes planar, broadband antennas which are relatively
casy and 1nexpensive to fabricate and which can be either
directional or non directional.

It 1s a principle objective of this invention to provide a
planar, inexpensive radiating antenna wherein the radiation
from the antenna produces an omni-directional radiation
pattern.

It 1s another principle objective of this invention to
provide a planar, inexpensive radiating antenna wherein the
radiation from the antenna 1s dependent on the direction
from the antenna.
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2

These objectives are achieved by forming two conducting,
ctched patterns on planar substrates of dielectric material.
The two conducting patterns are etched 1n a layer of con-
ducting material formed on the substrates. The first conduc-
tor has a planar serpentine shape defiming a plurality of
parallel, spaced apart radiator elements. The second con-
ductor has comb-like portions interleaved within the radiator
clements of the first conductor.

In one embodiment the antenna 1s formed by using a pair
of substrates with etched patterns as described above. The
pair of substrates 1s disposed in the same plane with the
second conductor of each half connected to the two electri-
cal terminals of a coaxial cable. The first conductor of each
antenna 1n the pair remains electrically floating and not
connected to any conductor. The first conductor 1s used to
provide fine tuning capability to the antenna. The spacing
between the two conductors may be adjusted to change both
the capacitive and inductive relationship of the two.
Additionally, the antenna may be tuned by placing a shunt
clement between the first and second conductors. This shunt
may be moved 1n order to fine tune the antenna.

In a second embodiment, there will be several pairs of the
above described antenna, each placed 1in another plane,
providing an antenna having directional radiation patterns.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a top view of the basic antenna of this
invention showing the coaxial cable providing an electrical
feed signal to the second conductor of one antenna segment
and electrical ground connection to the second conductor of
the other antenna segment. The serpentine first conductors of
cach antenna segment are electrically 1solated and used as a
tuning mechanism to tune the antenna to 50 ohms by altering
the spacing and placing shunts between the elements.

FIG. 2 shows a more detailed view of a part of one of the
antenna segments of FIG. 1.

FIG. 3 shows a cross section view of the part of the
antenna shown 1 FIG. 2 taken along line 3—3' of FIG. 2.

FIG. 4 shows a more detailed top view of one of the
identical antenna segments.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Refer now to FIGS. 1—3 for a description of the preferred
embodiment of a non-directional antenna of this invention.
FIG. 1 shows a top view of the antenna of this mmvention
comprising two 1dentical antenna segments, a {irst antenna
segment 50A and a second antenna segment 50B, which are
connected to a coaxial cable. Each segment, 50A and 50B,
of the antenna 1s a planar structure made from a dielectric
material, such as standard printed circuit material or any
other dielectric material that 1s coated with a conductive
material. The conductive material in each antenna segment
has an etched pattern creating serpentine first conductors,
12A 1 the first antenna segment and 12B in the second
antenna segment, and second conductors, 10A 1n the first
antenna segment and 10B 1n the second antenna segment,
having comb-like elements interleaved within the radiator
elements of the first conductors, 12A and 12B. Each antenna
scgment has an insulating gap, 14A 1n the {first antenna
secgment and 14B 1n the second antenna segment, between
the first conductor, 12A and 12B, and the second conductor
10A and 10B. In order to aid in visualizing each of the
identical antenna elements, refer to FIG. 4. In FIG. 4 the first
conductor 12 1s shaded and the second conductor 10 1s cross
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hatched. A gap 14 1nsulates the first conductor 12 from the
second conductor 10.

FIG. 2 shows a more detailed view of a part of the antenna
segment shown 1n FIG. 4. In FIG. 2 both the first conductor
12 and second conductor 10 are cross hatched to increase the
visualization of the antenna. As shown 1 FIG. 2, the first
conductor 12 1s formed on a dielectric substrate. The first
conductor 12 has a plurality of parallel and equally spaced
first elements 42. Each of the first elements 42 has a length
36 and a width 30 and the first elements are electrically
connected together 1n series forming a planar serpentine
shape. The second conductor 10 has second elements 44 and
third elements 45 formed on the substrate. Each of the
second elements 44 and third elements 45 has a length 38
and a width 32. The second elements 44 and the third
clements 45 are cach disposed between adjacent first ele-
ments 42 so that there 1s an 1nsulating gap 14, with a gap
width 34, between each of the second elements 44 and the
adjacent first elements 42 and between each of the third
clements 45 and the adjacent first elements 42. The second
clements 44 and the third elements 45 are electrically
connected to each other and electrically insulated from the
first elements 42.

FIG. 3 shows a cross section of the part of the antenna
shown 1 FIG. 2 taken along line 3—-3' of FIG. 2. As shown
in FIG. 3, the first conductor 12 and the second conductor 10
arc formed on a dielectric substrate 40. The dielectric
substrate can be formed from standard printed circuit mate-
rial or any other dielectric material having a suitable dielec-
tric constant. A layer of conductor material, typically a metal
such as copper or aluminum, i1s formed on the substrate 40
and etched to form the first conductor 12 and second
conductor 10.

Referring again to FIG. 1, a coaxial cable 16 1s used to
supply an electrical feed signal to the second conductor 10A
of the first antenna segment SOA and electrical ground to the
first conductor 10B of the second antenna segment 50B.
FIG. 1 shows the center conductor 18 of the coaxial cable 16
connected to the second conductor 10A of the first antenna
segment 50A, a conductor 20 connecting the outer conduc-
tor of the coaxial cable 16 to the second conductor 10B of
the second antenna segment, and a conductor 22 connecting
the outer conductor of the coaxial cable to electrical ground.

The antenna has resonant frequencies comprising a fun-
damental frequency and integral multiples of the fundamen-
tal frequency. The resonant frequency 1s determined by the
geometries of each conductor 1n the i1dentical first antenna
segment SOA and second antenna segment 50B. Referring to
FIG. 2, the resonant frequencies are further defined by the
width 30 and length 36 of each of the first elements, the
width 32 and length 38 of each of the second elements 44
and third elements 45, and the length of the serpentine first
conductor 12. The length of the serpentine first conductor 12
can be determined from the length 36 of the first elements 42
and the total number of first elements 42, see FIG. 2. The
resonant frequencies of the antenna can be adjusted by
adjusting the length of one or more of the second elements
44 or third elements 45, such as by trimming.

The antenna has an impedance which 1s determined by the
width 30 of the first elements 42, the width 32 of the second
elements 44 and third elements 45, and the width 34 of the
insulating gap 14 between the first elements 42 and the
adjacent second elements 44 and third elements 435, see FIG.

2.

The antenna shown 1n FIGS. 1-3 1s an omni-directional
antenna. The radiation from the antenna 1s independent of
direction from the antenna.
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A single antenna segment, as shown in FIG. 4, can be used
as an omni-directional antenna with somewhat poorer gain
than the dual-segment antenna shown in FIG. 1-3. The
advantage of the single element antenna shown 1n FIG. 4 1s
its very small physical size. On this case the center conduc-
tor 18 of the coaxial cable 16 1s connected to the second
conductor 10. The outer conductor of the coaxial cable 16 1s
connected to the first conductor 12 of the antenna by a
conductor 20 and to ground by another connector 22 so that
the first conductor 12 of the antenna 1s connected to ground.

The antennas described above are passive antennas. An
amplifier can be added between the center conductor of the
coaxial cable 1n order to amplify the antenna signal. Using
low-loss switches the amplifier can be by passed if the signal
needs no amplification. With low level signals, 1t 1s often
very desirable to amplify the signal before transmitting the
signal through the coaxial cable. Such an amplifier could be
fabricated 1n an integrated circuit chip and mounted on the
dielectric material of the antenna on the opposite side from
the antenna first 12 and second 10 conductors. Internal
oground planes could be used to 1solate the amplifier from the
antenna.

These antenna segments could also be fabricated on one
of the metal layers of an integrated circuit. Due to smaller
dimensions such an antenna would be resonant at higher
frequencies than the antenna described above. Metal layers
may also be used to shield such an antenna from the
remainder of the mtegrated circuit.

The antennas of this invention are planar antennas which
can fabricated by etching conductor patterns in a layer of
conducting material formed on a dielectric substrate. These
antennas are casily fabricated at low cost. A number of the
planar antennas shown in FIG. 1 can also be used 1n an array
to 1ncrease gain and directivity.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, 1t will be understood by those skilled in the art that
various changes 1in form and details may be made without
departing from the spirit and scope of the invention.

What 1s claimed 1s:

1. An antenna, comprising:

a substrate, wherein said substrate 1s a planar substrate
formed of a dielectric material;

a first conductor formed on said substrate, wherein said
first conductor has a plurality of parallel spaced apart
first elements, each of said first elements has a length
and a width, said first elements are electrically con-
nected together 1n series, and said series connected first
clements form a planar serpentine shape;

a second conductor having second elements and third
elements formed on said substrate, wherein each of said
second elements has a length and a width, each of said
third elements has a length and a width, said second
clements are electrically connected together forming a
planar comb-like shape, said third elements are elec-
trically connected together forming a comb-like shape,
said second elements are disposed between adjacent
said first elements so that there are insulating gaps
between each of said second elements and adjacent said
first elements, said third elements are disposed between
adjacent said first elements so that there are insulating
gaps between each of said third elements and adjacent
said first elements, said second elements and said third
clements are all electrically connected together, and
said second elements and said third elements are all
clectrically insulated from said first elements; and
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means to supply an electrical feed signal to said second

conductor and electrical ground to said first conductor.

2. The antenna of claim 1 wherein said antenna has
resonant frequencies comprising a fundamental frequency
and 1ntegral multiples of said fundamental frequency.

3. The antenna of claim 1 wherein said antenna has
resonant frequencies and said resonant frequencies are deter-
mined by said width of each of said first elements, said
length of each of said first elements, the total number of said
first elements, said width of each of said second elements,
said length of each of said second elements, said width of
cach of said third elements, and said length of each of said
third elements.

4. The antenna of claim 1 wherein said antenna has
resonant frequencies and said resonant frequencies can be
adjusted by adjusting said length of one or more of said
second elements or said length of one or more of said third
clements.

5. The antenna of claim 1 wherein said antenna has an
impedance and said impedance 1s determined by said widths
and said lengths of each of said first, second, and third
clements, said 1nsulating gaps between said second elements
and adjacent said first elements, and said msulating gaps
between said third elements and adjacent said first elements.

6. The antenna of claim 1 wherein said means to supply
an electrical feed signal to said second conductor and
electrical ground to said first conductor comprises a coaxial
cable having a center conductor and an outer conductor
wherein said center conductor of said coaxial cable 1s

clectrically connected to said second conductor and said
outer conductor of said coaxial cable 1s electrically con-
nected to said first conductor.

7. The antenna of claim 1 wherein the radiation from said
antenna 1s substantially independent of the direction from
said antenna.

8. The antenna of claim 1 wherein said first conductor and
said second conductor are formed by etching a layer of
conducting material formed on said substrate.

9. An antenna, comprising:

a first substrate, wherein said first substrate 1s a planar
substrate formed of a dielectric material;

a second substrate, wherein said second substrate 1s a
planar substrate formed of said dielectric material and
disposed 1n the same plane as said first substrate;

a first conductor formed on said first substrate, wherein
said first conductor has a plurality of parallel spaced
apart first elements, each of said first elements has a
length and a width, said first elements are electrically
connected together 1n series, and said series connected
first elements form a planar serpentine shape;

a second conductor having second elements and third
elements formed on said first substrate, wherein each of
said second elements has a length and a width, each of
said third elements has a length and a width, said
second elements are electrically connected together
forming a planar comb-like shape, said third elements
are electrically connected together forming a comb-like
shape, said second elements are disposed between
adjacent said first elements so that there are insulating,
gaps between each of said second elements and adja-
cent said first elements, said third elements are dis-
posed between adjacent said first elements so that there
are msulating gaps between each of said third elements
and adjacent said first elements, said second elements
and said third elements are all electrically connected
together, and said second elements and said third
clements are all electrically msulated from said first
elements;
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a third conductor formed on said second substrate,
wherein said third conductor has a plurality of parallel
spaced apart fourth elements, each of said fourth ele-
ments has a length and a width, said fourth elements are
clectrically connected together 1n series, and said series
connected fourth elements form a planar serpentine
shape;

a fourth conductor having {ifth elements and sixth ele-
ments formed on said second substrate, wherein each of
said fifth elements has a length and a width, each of said
sixth elements has a length and a width, said fifth
clements are electrically connected together forming a
planar comb-like shape, said sixth elements are elec-
trically connected together forming a comb-like shape,
said fifth elements are disposed between adjacent said
fourth elements so that there are insulating gaps
between each of said fifth elements and adjacent said
fourth elements, said sixth elements are disposed
between adjacent said fourth elements so that there are
insulating gaps between each of said sixth elements and
adjacent said fourth elements, said fifth elements and
said sixth elements are all electrically connected
together, and said fifth elements and said sixth elements

are all electrically insulated from said first elements;
and

means to supply an electrical feed signal to said second
conductor and electrical ground to said fourth conduc-
tor leaving said first and third conductors electrically
1solated.

10. The antenna of claim 9 wherein said first dielectric
material and said second dielectric material are the same
dielectric material.

11. The antenna of claim 9 wherein said antenna has
resonant frequencies comprising a fundamental frequency
and 1ntegral multiples of said fundamental frequency.

12. The antenna of claim 9 wherein said antenna has
resonant frequencies and said resonant frequencies are deter-
mined by said width of each of said first elements, said
length of each of said first elements, the total number of said
first elements, said width of each of said second elements,
said length of each of said second elements, said width of
cach of said third elements, said length of each of said third
clements, said length of each of said fourth elements, the
total number of said fourth elements, said width of each of
said {ifth elements, said length of each of said fifth elements,
said width of each of said sixth elements, and said length of
cach of said sixth elements.

13. The antenna of claim 9 wheremn said antenna has
resonant frequencies and said resonant frequencies can be
adjusted by adjusting said length of one or more of said
second elements, said length of one or more of said third
clements, said length of one or more of said fifth elements,
or said length of one or more of said sixth elements.

14. The antenna of claim 9 wherein said antenna has an
impedance and said impedance 1s determined by said widths
and said lengths of each of said first, second, third, fourth,
fifth, and sixth elements, said insulating gaps between said
second elements and adjacent said first elements, said 1nsu-
lating gaps between said third elements and adjacent said
first elements, said insulating gaps between said {ifth ele-
ments and adjacent said fourth elements, and said mnsulating
cgaps between said sixth elements and adjacent said fourth
clements.

15. The antenna of claim 9 wherein said means to supply
an electrical feed signal said second conductor and said third
conductor and electrical ground to said first conductor and
said fourth conductor comprises a coaxial cable having a
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center conductor and an outer conductor wherein said center
conductor of said coaxial cable 1s electrically connected to
sald second conductor and said third conductor, and said
outer conductor of said coaxial cable 1s electrically con-
nected to said first conductor and said fourth conductor.
16. The antenna of claim 9 wherein the radiation from said
antenna 1s independent of the direction from said antenna.
17. The antenna of claim 9 wherein said first conductor
and said second conductor are formed by etching a layer of

3

conducting material formed on said first substrate, and said
third conductor and said fourth conductor are formed by
ctching a layer of said conducting material formed on said
second substrate.

18. The antenna of claim 9 further comprising means to
amplily said electrical feed signal supplied to said second
conductor.
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